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RI%6%URZVHU6HUYHUVWUXFWXUHEDVHGRQ:HE6HUYHULVZLGHO\XVHGLQWUDQVIRUPHUVXEVWDWLRQUHPRWHYLGHR
PRQLWRUV\VWHPGXHWRLWVDGYDQWDJHVRIORZFRVWKLJKVDIHW\FRHIILFLHQWJRRGUHDOWLPHDQGVRRQ
.H\WHFKQRORJLHVRIUHPRWHYLGHRPRQLWRULQJV\VWHP
7KH NH\ WHFKQRORJLHVYLGHRPRQLWRULQJ V\VWHP DSSOLHG DUHYLGHR FROOHFWLRQ DQG FRPSUHVVLRQ VWUHDPLQJ
PHGLDGLVWULEXWLRQDQGYLGHRVLJQDOWUDQVPLVVLRQ
9LGHR&RPSUHVVLRQ7HFKQRORJ\
$W SUHVHQW WKH PDLQ YLGHR FRPSUHVVLRQ WHFKQRORJLHV LQ WKH PRQLWRULQJ V\VWHP DUH 0-3(* 03(*
03(*03(*63$63+$9&HWF>@
0-3(* LVGHYHORSHGEDVHGRQWKHVWDWLFYLGHRFRPSUHVVLRQWHFKQRORJ\,WDOPRVWGRHVQRWFRQVLGHUWKH
FKDQJHRIYLGHRVWUHDPEHWZHHQGLIIHUHQWIUDPHVEXWFRPSUHVVDVLQJOHIUDPH
03(*VWDQGDUGLVDSSOLFDEOHWRWKHDFWLYLW\LPDJHDQGDFFRPSDQ\LQJVRXQGFRGLQJRQGLJLWDOVWRUDJH
,WVFRPSUHVVLRQSHUIRUPDQFHLVVLJQLILFDQWO\LPSURYHGEXWWKHUHDUHVWLOOPDQ\GLVDGYDQWDJHV
0SHJ XSJUDGHV WKH UHVROXWLRQ UHODWLYHO\03(* PHHWV WKH KLJK GHILQLWLRQ UHTXLUHPHQW EXW VWRUDJH
FDSDFLW\VWLOOWRRODUJHDOVRXQVXLWHGIRUQHWZRUNWUDQVPLVVLRQ
0SHJGHILQHVDNLQGRIIRUPDWDQGIUDPHZRUNQRWVSHFLILFDOJRULWKP,WKDVREYLRXVO\LPSURYHGLQORZ
ELWUDWHFRPSUHVVLRQGHILQLWLRQDQGVWRUDJHFDSDFLW\PRUHVXLWDEOHIRUQHWZRUNWUDQVPLVVLRQ
+ FUHDWLYHO\ DGRSWV QHZ FRPSUHVVLRQ WHFKQRORJ\ VXFK DV PXOWL UHIHUHQFH IUDPH PXOWL EORFN W\SH
LQWHJHUWUDQVIRUPLQWUDSUHGLFWLRQDQGVRRQ8VHWKHPRUHGHOLFDWHSL[HOPRWLRQYHFWRUDQGQHZORRSILOWHU
7KHVHHQFRGLQJPRGHVDUHPDLQO\WRDFKLHYHWKUHHLPSRUWDQWLQGH[HVRIYLGHRLPDJHHQFRGLQJ>@
• %LJ&RPSUHVVLRQUDWLR
• %HWWHUUHVWRUHGHIIHFWDVIDUDVSRVVLEOHWRUHVWRUHWKHRULJLQDOGDWD
• 6LPSOHFRPSUHVVLRQDOJRULWKPIDVWFRPSUHVVLRQDQGGHFRPSUHVVLRQ
6WUHDPLQJ0HGLD7HFKQRORJ\
,QWKHUHPRWHYLGHRPRQLWRUV\VWHPXVLQJVWUHDPLQJPHGLDGLVWULEXWLRQWHFKQRORJ\LQODUJHVFDOHQHWZRUN
PRQLWRULQJ V\VWHP UHDOL]LQJ WKH DXGLR DQGYLGHR OD\HUHG IRUZDUGLQJ UHOLHGRQGLVWULEXWHG VWUHDPLQJPHGLD
VHUYHUFOXVWHUFDQEDVLFDOO\DYRLGHGWKHQHWZRUNERWWOHQHFNVFDXVHGE\WKHODUJHVFDOHFRQFXUUHQWIORZ
6WUHDPLQJPHGLDWHFKQRORJ\LVDVSHFLDOWHFKQRORJ\XVHGLQQHWZRUNPXOWLPHGLDLQIRUPDWLRQWUDQVPLVVLRQ
DQGSURFHVVLQJ,WVPDLQIXQFWLRQVDUHUHDOL]LQJPXOWLPHGLDQHWZRUNWUDQVPLVVLRQDQGSOD\ZRUNLQJUHDOWLPH
,W KDV REYLRXV DGYDQWDJHV RQ PXOWLPHGLD LQIRUPDWLRQ WUDQVPLVVLRQ DQG SURFHVVLQJ ,W XVHV+7737&3 WR
WUDQVPLWFRQWUROLQIRUPDWLRQDQG5738'3WRWUDQVPLWUHDOWLPHDXGLRGDWDXVXDOO\>@
9LGHR6LJQDO7UDQVPLVVLRQ
&XUUHQWO\ WKH PRVW FRPPRQO\ XVHG WUDQVPLVVLRQ PHGLXPV LQ WKH PRQLWRULQJ V\VWHP DUH FRD[LDOFDEOH
WZLVWHGSDLU FDEOH RSWLFDO ILEHU HWF (DFK RI WKHP KDV DGYDQWDJHV DQG GLVDGYDQWDJHV &KRRVH WKH PRVW
VXLWDEOHWUDQVPLVVLRQPRGHFDQXVXDOO\DFKLHYHDVDWLVILHGHIIHFW&RQWUDVWLVDVIROORZLQJ


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7DEOH9LGHRVLJQDOWUDQVPLWVFRQWUDVW
7UDQVPLVVLRQ0RGH $GYDQWDJHV 'LVDGYDQWDJHV
&RD[LDOFDEOH &KHDS
3DYHFRQYHQLHQWO\
/LPLWHGDQWLLQWHUIHUHQFHDELOLW\
6KRUW'LVWDQFHWUDQVPLVVLRQ
7ZLVWHGSDLU &KHDSDQG3DYHFRQYHQLHQWO\
&DEOHKLJKXVDJH
/RQJGLVWDQFHWUDQVPLVVLRQ
6WURQJDQWLLQWHUIHUHQFHDELOLW\
(WKHUQHWRIKLJKVSHHGLQIRUPDWLRQ
WUDQVPLVVLRQLVOLPLWHGZLWKLQP
9LGHRVLJQDOWUDQVPLVVLRQDWWHQXDWH
REYLRXVO\ZKHQEDQGZLGWKDFKLHYH0K]
)LEHU /RQJGLVWDQFHWUDQVPLVVLRQ
+LJKWUDQVPLVVLRQFDSDFLW\DQGTXDOLW\
([SHQVLYH
,PSOHPHQWGLIILFXOWO\
3ODWIRUP'HVLJQ
'HYHORSHQYLURQPHQWDQGWRRO
'HYHORSHQYLURQPHQWLV:LQGRZV;3267&3,3QHWZRUNRUDFOHJVHUYHU
6\VWHP XVHV 0LFURVRIW 9LVXDO &  DV GHYHORSPHQW WRRO ,WV H[HFXWLYH HIILFLHQF\ VXSSRUWLQJ
PXOWLWKUHDGLQJVWURQJVXSSRUWRIPXOWLPHGLDFDSDELOLW\DQGFDQEHZHOOXVHGWRH[HFXWHFRPSOH[RSHUDWLRQWR
KDUGZDUH,WVREMHFWRULHQWHGFKDUDFWHULVWLFDQGGHVLJQPHWKRGGHFLGHGWKDWLWLVQRWDQDEVWUDFWGHVFULSWLRQRI
WKHSURJUDPEXWDWRROPRUHFORVHWRIDFLQJSUREOHPV8VLQJWKHREMHFWRULHQWHGGHYHORSPHQWIRUPPDNHVWKH
VRIWZDUHGHVLJQRIJHQHUDOVLJQLILFDQFHDQGVSHHGVXSWKHVRIWZDUHGHYHORSPHQWSURFHVVWRVRPHH[WHQW>@
*HQHUDO'HVLJQ
7KHGHVLJQRIWKHSODWIRUPIUDPHLVVKRZQLQILJXUHEHORZ
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
)LJ)UDPHRIYLGHRPRQLWRULQJV\VWHPSODWIRUP
7KHEDVLFIXQFWLRQVRIYLGHRPRQLWRULQJV\VWHPDUH IURQWHQGHTXLSPHQWFDSWXUHVVFHQHFRPSUHVVHVWKH
YLGHRVWUHDPLQJRIFDSWXUHGWUDQVPLWVWRPRQLWRULQJV\VWHPEDFNHQGWKURXJKWKHQHWZRUNDQGWKHEDFNHQG
HTXLSPHQWGHFRPSUHVVHVWKHYLGHRVWUHDPLQJDQGSOD\VLWWRUHDOL]HWKHPRQLWRULQJRUVWRUHLWIRUIXWXUHFKHFN
0DLQ0RGXOH)XQFWLRQDQG7HFKQLFDO6SHFLILFDWLRQ
• ,QWHUIDFH0RGXOH
D,QWHUIDFH0RGXOH$
3ODWIRUPFDQEHIRUPHGDPXOWLVWDJHSODWIRUPHDFKSODWIRUPZLWK]HURRUPRUHVXSHULRUSODWIRUP:KHQD
YLGHRPRQLWRULQJSODWIRUPKDVVXSHULRUSODWIRUP LWV VWDWXVRIRQOLQHRURIIOLQH VKRXOGQRWLFH WRDOORYHU WKH
SODWIRUPLQWKHQHW,QWKHUHVSRQVHPHVVDJHVRIWKHRQOLQHQRWLFHVKRXOGFDUU\RYHUWLPHSDUDPHWHUVZKLFK
VSHFLI\WKHLQWHUYDORIWKHNHHSDOLYHPHVVDJHVORZHUSODWIRUPVHQWWRWKHVXSHULRUSODWIRUP
E,QWHUIDFH0RGXOH%
,QWHUIDFH%¶V IXQFWLRQ LVZKHQ WKH IURQWHQGV\VWHPRQOLQH ODXQFKLQJ UHJLVWUDWLRQSURFHVV WR WKHDOUHDG\
FRQILJXUHGSODWIRUPLWEHORQJV WR LQIRUPHGRI LWVHTXLSPHQWQXPEHUVDQGVLJQDODGGUHVV8VH6,3VWDQGDUG
SURWRFRO ,QWKHPHVVDJHV WKHXVHULGRI85,VKRXOGEHDGGUHVVFRGLQJRIORZHU85,SODWIRUP5HJLVWUDWLRQ
SURFHVVVKRXOGEHLGHQWLILHGRIWKHDXWKRULW\ LQRUGHUWRSUHYHQWLOOHJDOEHKDYLRU$XWKRULW\LGHQWLI\LQJXVHV
+WWS'LJHVWLGHQWLILFDWLRQPRGHZKLFKLGHQWLILHGE\6,3GLJLWDODEVWUDFWDOJRULWKPXVHVXQLILHG0'>@
)URQWHQGHTXLSPHQW UHJLVWHUVSHULRGLFDOO\XQWLO VXFFHHG$IWHU5HJLVWUDWLRQ VXFFHVVIXO IURQWHQGV\VWHP
SHULRGLFDOO\ UHIUHVKUHJLVWHUDFFRUGLQJ WR WKHUHJLVWHURYHUWLPH LQWHUYDOSODWIRUPUHWXUQV ,I IURQWHQGV\VWHP
WHPSRUDULO\FDQ¶WSURYLGHH[WHUQDOLQWHUDFWVHUYLFHVIRUVRPHUHDVRQLWVKRXOGVHQWFDQFHOODWLRQUHTXHVWWRWKH
SODWIRUP3ODWIRUPPDLQWDLQVWKHUHJLVWHUVWDWXV>@
• )RXQGDWLRQ6XSSRUWLQJ0RGXOH
D6WUHDPLQJ0HGLD0RGXOH
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6WUHDPLQJ0HGLD0RGXOH LV FRQVLVWHGRI SURWRFRO OD\HU FRPPXQLFDWLRQ OD\HU FRQWURO OD\HU DSSOLFDWLRQ
OD\HU0RGXOHLQWHUQDOLQWHUDFWLRQSURFHVVLVVKRZQLQILJXUHEHORZ

)LJ0RGXOHLQWHUQDOLQWHUDFWLRQIORZFKDUW
E&RPPXQLFDWLRQ0RGXOH
&RPPXQLFDWLRQPRGXOHLPSOHPHQWWKHVHUYLFHIXQFWLRQVWKDWEHWZHHQSODWIRUPVRUEHWZHHQSODWIRUPDQG
EXVLQHVVV\VWHPRUEHWZHHQSODWIRUPDQGIURQWHQGV\VWHP0RGXOHFRQWUROFKDUWLVVKRZQLQILJXUH

)LJ&RPPXQLFDWLRQPRGXOHFRQWUROFKDUW
• 7KHPDLQIXQFWLRQVDQDO\VLV
D6,35HJLVWUDWLRQDQG$XWKHQWLFDWLRQ6HUYLFH
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5HDOL]H UHJLVWHU UHTXHVW RI WKH IURQWHQG V\VWHP ZKLFK GLUHFWO\ DFFHVV WR SODWIRUP DQG LGHQWLI\ DOO WKH
UHJLVWHUHG XVHU ,'V DQG SDVVZRUGV WKDW FDUULHG E\ UHJLVWHU UHTXHVWV 8VH WKH SDWWHUQ RI GLVSDWFKLQJ WKH
DXWKHQWLFDWLRQUHTXHVWVWRWKHPDQDJHPHQWVHUYLFHDQGDXWKHQWLFDWLRQVHUYLFH
E6,3$JHQF\6HUYLFH
5HDOL]HWKHIXQFWLRQRIGLVSDWFKLQJWKHVHUYLFHUHTXHVWRISODWIRUPERXQGDU\DQGSODWIRUPERXQGDU\WRWKH
PDQDJHPHQW VHUYLFH PRGXOH IRU DFWXDO EXVLQHVV ORJLF SURFHVVLQJ 5HDOL]H WKH DFFHVV VHUYLFH IXQFWLRQV RI
SODWIRUPWRIURQWHQGV\VWHPGLVSDWFKLQJIURQWHQGV\VWHPFRQWUROUHTXHVWWRLWV6,3JDWHZD\DQGDFFHSWLQJ
WKHGDWDVHQWE\IURQWHQGV\VWHP6,3JDWHZD\VRDVWRDFKLHYHWKHIURQWHQGV\VWHPDFFHVVVHUYLFHIXQFWLRQ
F0DQDJHPHQW6HUYLFH
0DQDJHPHQW VHUYLFHPRGXOH SOD\V WKH UROH RI GDWDPDQDJHPHQW DQG EXVLQHVVGULYHQ ,W FRPELQHV RWKHU
VXEV\VWHPVLQWKHSODWIRUPWRJHWKHUDQGIRUPVDSODWIRUPRISURYLGLQJV\VWHPDWLFVHUYLFH
6\VWHPUHIHUHQFH03(*FRPSUHVVLRQWKHRU\DQGXVHLPDJHVHTXHQFHGLIIHUHQFHDOJRULWKPWRMXGJHWKH
DFWXDOVLWXDWLRQ$OJRULWKPLVDVIROORZV
 7WW;6W;60D[ FF$; >Δ−−∈  
 W;6F PHDQV OLJKWQHVV VHTXHQFH JUD\ YDOXH DW WKH PRPHQW W FRRUGLQDWH ; 7 LV WKH PRYHPHQW
GHWHFWLRQVHQVLWLYLW\WKUHVKROG7KHHVVHQFHRIWKHDOJRULWKPLVWRFRPSDUHWKHJUD\YDOXHGLIIHUHQFHDWVDPHSL[HO
EHWZHHQWZRLPDJLQHVRQHE\RQH>@
,PSOHPHQW5HVXOW
9LGHRPRQLWRULQJSODWIRUPVXSSRUWV:LQGRZVDQG/LQX[26,WKDVEHHQLPSOHPHQWHGLQVRPHVXEVWDWLRQV
%HIRUHFDPHLQWRXVHLWKDVEHHQWHVWHGLQWHUQDOO\
$ PDLQ SUREOHP LQ WKH LPSOHPHQWDWLRQ LV WKH GHSOR\PHQW RI HDFK VRIWZDUH PRGXOH LQ WKH VHUYHUV:H
SURYLGHGLQVWDOODWLRQPDQXDODQGVRPHDXWRPDWLFHUHFWLRQVHTXHQFHZKLFKPDNHFXVWRPHUVFDQHDVLO\GHSOR\
HQYLURQPHQW$WWKHVDPHWLPHZHSURYLGHVSDUHVHUYHUSODQ:KHQWKHPDLQVHUYHUVWRSUXQQLQJGXHWRDIDXOW
V\VWHPFDQDXWRPDWLFDOO\VZLWFKWRVSDUHVHUYHUWRHQVXUHXVHUVZRUNQRUPDOO\
8VHFLUFXPVFULEHGGLVNDUUD\WRFRPSOHWHYLGHRGDWDFHQWUDOL]HGVWRUDJH'LVNDUUD\LVDODUJHGLVNJURXS
FRQVLVWHGRIPDQ\VPDOOHUFDSDFLW\KLJKHUVWDELOLW\DQGORZHUVSHHGGLVNV8VHLQGLYLGXDOGLVNVSURYLGHGDWD
WRJHQHUDWHDGGLWLRQDOHIIHFW IRU WKHZKROHGLVNV\VWHPHIIHFWLYHQHVVSURPRWLRQ7KH WKHRU\ LV WRPDNHGLVN
JURXSXVHGDUUD\ZD\ZLWKWKHGHVLJQRIGDWDVFDWWHUHGDUUD\WRLPSURYHWKHVHFXULW\RIGDWD
&RQFOXVLRQ
9LGHR PRQLWRULQJ V\VWHP LV LQGLVSHQVDEOH LQ WKH SRZHU V\VWHP ,W H[SHULHQFHV VLPXODWLRQ PRQLWRULQJ
GLJLWDO PRQLWRULQJ DQG QHWZRUN YLGHR PRQLWRULQJ RI QRZ :LWK WKH GHYHORSPHQW RI ,QWHUQHW DQG YLGHR
PRQLWRULQJWHFKQRORJ\YLGHRPRQLWRULQJLVGHYHORSLQJWRODUJHVFDOHQHWZRUNPRQLWRULQJV\VWHPQRWRQO\WR
UHDOL]HUHDOWLPHPRQLWRULQJPRUHFODULW\ORZHUSULFHPRUHIULHQGO\RSHUDWLQJV\VWHPEXWDOVRWRUHDOL]HWKH
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